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notion of a distinct stem cell niche in the bulge (Fuchs analyses of hair follicle stem cells will not only advance
our understanding of the cutaneous lineages but alsoet al., 2004). What are the signals that may help to define
this niche and what keeps bulge stem cells in a low extend comparative studies between these cells and
other adult stem cell populations. Of course, the racecycling state but activates them to leave the niche? Both
studies include extensive transcriptional profiling of the is on to isolate the human equivalent of these mouse
cells. In this regard, one of the most interesting corollar-isolated enriched bulge stem cell populations versus
non-stem cell and, excitingly, other stem cell popula- ies to the potential clinical use of adult hair follicle stem
cells for hair growth is their additional potential as a celltions, i.e., hematopoietic, neural, and embryonic stem
cells. Generally, the transcriptional profiling clearly sup- source for other clinically important cellular therapies,
e.g., epidermal and hair regeneration in burn patients.ported the other evidence presented that the hair follicle
stem cells are quiescent or slowly cycling cells and are
distinctly different from the more rapidly proliferating Kursad Turksen
and differentiating progeny in expression of, e.g., multi- Ottawa Health Research Institute
ple growth factors and related signaling molecules in- Ottawa, Ontario K1Y 4E9
cluding FGFs and TGF-, Wnts, and a variety of other Canada
molecular classes (extracellular matrix molecules, tran-
scription factors, etc). In this regard, however, while Selected Reading
there was considerable overlap in the stem cell tran-
Alonso, L., and Fuchs, E. (2003). Proc. Natl. Acad. Sci. USA Suppl.scriptional profiles reported in the two studies, there
100, 11830–11835.were some notable differences that may reflect differ-
Cotsarelis, G., Sun, T.T., and Lavker, R.M. (1990). Cell 61, 1329–1337.ences in the homogeneity of the different populations
Fuchs, E., Tumbar, T., and Guasch, G. (2004). Cell 116, 769–778.assessed and/or the fact that the hair follicles compared
Ghazizadeh, S., and Taichman, L.B. (2001). EMBO J. 20, 1215–1222.in the studies were at different stages of the hair follicle
Morris, R., Liu, Y., Marles, L., Yang, Z., Trempus C., Li, S., Lin, J.S.,cycle. Interestingly, three genes were identified as com-
Sawicki, J.A., and Cotsarelis, G. (2004). Nat. Biotechnol., in press.mon to hair follicle stem cells, neural, hemopoietic, and
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embryonic stem cells (Eps8, Col18a1, Pkd2). While it is
Oshima, H., Rochat, A., Kedzia, C., Kobayashi, K., and Barrandon,
premature to suggest that these comprise a definitive Y. (2001). Cell 104, 233–245.
stem cell signature, the overlap in expression profiles Taylor G., Lehrer, M.S., Jensen, P.J., Sun, T.-T., and Lavker, R.M.
as the transcriptomes of additional purified stem cell (2000). Cell 102, 451–461.
populations are compared will be interesting. Tumbar, T., Guasch, G., Greco, V., Blanpain, C., Lowry, W.E., Rendl,
M., and Fuchs, E. (2004). Science 303, 359–363.The ability to isolate and extend cellular and molecular
issue, Zimmerman et al. (2004) analyze the behaviorReconstruction of Microtubules:
of the -tubulin complex (-TuC) in fission yeast andEntry into Interphase propose an attractive model for the reorganization of
microtubules upon mitotic exit.
An interphase cell of fission yeast, Schizosaccharo-
myces pombe, has three to five bundles of microtubules,
Microtubules display dramatic morphological alter-
forming a cytoplasmic array along the cylindrical shape
ations from mitotic spindles to fibrous interphase
of the cell. The length and the dynamics of each microtu-
structures upon exit from mitosis. In this issue of De-
bule are regulated by a subset of microtubule-associ-
velopmental Cell, Zimmerman et al. shed a novel light ated proteins (Hagan 1998; Hayles and Nurse, 2001;
on the molecular mechanism of microtubule structure Tran et al., 2001; Sagolla et al., 2003).
reorganization during cytokinesis. In wild-type cells, interphase cytoplasmic microtu-
bules are nucleated from structures called iMTOC (in-
Proliferating cells repeat the cell cycle between in- terphase microtubule organizing center) and SPB (spin-
terphase and mitosis reciprocally. In order to complete dle pole body; centrosome equivalent in yeast) (Figure
mitosis and establish the G1 phase of the cell cycle, 1) (Tran et al., 2001). As fission yeast undergoes “closed
cells must curtail cyclin-dependent kinase activity. Si- mitosis” in which the nuclear envelope does not break
multaneously, the cellular microtubule structure has to down, two SPBs nucleate a bipolar spindle inside the
be reset from the mitotic state to an interphase state. nucleus during mitosis. In late anaphase, when the ana-
The microtubule structure undergoes a dramatic change phase spindle is about to reach the cell end, another
from the mitotic spindle to a fibrous interphase array. microtubule nucleation site called eMTOC (equatorial
One of the first events is the disassembly of the mitotic MTOC) emerges at the central region of the cell, thereby
spindle; clues for its molecular mechanism began to determining the division site of two daughter cells in the
accumulate recently (Cao et al., 2003). However, the subsequent cytokinesis. Microtubule nucleation sites
disruption of the mitotic spindle is not enough to con- such as SPBs and eMTOC contain -TuC from which
struct the new interphase array of microtubules. In order microtubules are nucleated. eMTOC forms a postana-
to accomplish the reorganization, the nucleation of mi- phase array of microtubules, and is required to maintain
the contractile ring at the cell center (Pardo and Nurse,crotubule is regulated temporally and spatially. In this
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Figure 1. Interphase Microtubules in Wild-Type and rsp1-1 Mutant Yeast
rsp1-1 mutants show defects in reorganization of MTOC structure. Microtubule, red line; SPB, blue circle; eMTOC, green triangle; and iMTOC,
red square.
2003), followed by cytokinesis. Concomitantly, the trans- followed by the assembly of the iMTOC did not occur.
This resulted in the persistent eMTOC even in the nextlocation of microtubule nucleation site from eMTOC to
iMTOC and/or SPB occurs, thereby establishing the in- cell cycle, thereby keeping aster-like microtubules nu-
cleating from a single site. The authors also found thatterphase microtubule array for the next round of the
cell cycle. Despite these dynamic phenomena, how the -TuCs and Rsp1 dynamically travel together on in-
terphase microtubules as “satellites.” They speculatetransformation of eMTOC is carried out at the molecular
level has been unsolved. that the satellites might be “vehicles” that transport
MTOC components for their redistribution and reorgani-Zimmerman et al. captured the movement of -TuC
in living cells. They focused on one of the -TuC compo- zation. Alternatively, they might serve as iMTOC to nu-
cleate microtubules.nents, Alp4 (a fission yeast ortholog of Spc97/GCP2)
(Vardy and Toda, 2000) and observed its behavior in Proteins in DnaJ family possess diverse functions.
Their conserved J domain contains an HPD motif, whichpostanaphase when the eMTOC emerges. In these cells,
Alp4 formed a ring at the eMTOC at the division site. directly binds and activates hsp70 (DnaK) chaperone.
Hsp70s and J proteins have been found in centrosomesAfter a while, Alp4 at the eMTOC gradually began to
move into each daughter cell and finally disappeared, and microtubule-associated structures in many organ-
isms, although their functional significance remains un-indicating that the disassembly of the eMTOC had taken
place. At the same time, interphase microtubules were clear. Several established examples of J protein roles
suggest they share common functions to disassembleestablished in each daughter cell, suggesting that the
eMTOC had reorganized into an iMTOC. The traverse protein subunits from large complexes. Given these indi-
cations, the authors propose a model for the reorganiza-of the -TuC seemed to be microtubule dependent, as
every Alp4 dot was associated with microtubules. Based tion of eMTOC: Rsp1 and its chaperone Ssa1 (one of
the hsp70s) form a complex to disassemble eMTOC.on these observations, an inevitable question arises:
what kinds of molecules are involved in this regulation? Rsp1 might first recruit microtubule minus-end inter-
acting proteins such as the Ncd-Kar3 class of kinesinsThe authors have proposed a potential clue for this
question. They isolated an interesting mutant, rsp1-1, and then form a bundled astral postanaphase array of
microtubules from the eMTOC. Upon entry into the nextwhich, instead of normal cylindrical array, shows an
array of aster-like cytoplasmic microtubules that are interphase, hsp70s might be recruited to Rsp1 and their
interaction might enable lateral escape of -TuC fromnucleated from and bundled at a single site (Figure 1).
The rsp1 gene encodes a novel DnaJ/hsp40-like pro- eMTOC, which is responsible for eMTOC disassembly
to reorganize microtubule structure. Failure to recruittein. This aster-like microtubule array could be derived
from the defect in reorganizing the eMTOC during cyto- hsp70s would result in persistent eMTOC and aster-like
microtubule array in the next interphase.kinesis in the previous cell cycle. In fact, in most rsp1-1
cells undergoing cytokinesis, an additional persistent One of the future questions might regard the behavior
of -TuC and a role for Rsp1 in mitosis. -TuC alsodot of Alp4 was observed in each daughter cell. This
Alp4 dot was supposed to disappear in wild-type cells. localizes to SPBs. Is -TuC at the SPBs also reorganized
during the cell cycle? As rsp1 mutants did not showIt can be interpreted that the disassembly of the eMTOC
Developmental Cell
458
apparent mitotic phenotype such as defects in spindle fission yeast enabled us to reach a new stage of analysis
formation, it is possible that Rsp1 is not involved in the of microtubule regulation by capturing the intracellular
reorganization of -TuCs at SPBs or simply that they are motion of -TuC.
not reorganized throughout the cell cycle. Intriguingly, in
budding yeast, mutations in DnaJ (Ydj1p) or in hsp70s Masamitsu Sato and Takashi Toda
caused mitotic spindle defects and abnormally elon- Laboratory of Cell Regulation
gated microtubules upon recovery from microtubule Cancer Research UK
drug nocodazole (Oka et al., 1998). As budding yeast London Research Institute
does not form either eMTOC or postanaphase array of
Lincoln’s Inn Fields Laboratories
microtubules, different organisms might regulate -TuC
London WC2A 3PX
differently. It is of note, however, that the overexpression
United Kingdom
of Rsp1 caused defects in mitotic microtubule organiza-
tion in addition to defects in eMTOC formation, tempting Selected Reading
us into further investigations.
Although eMTOC stays longer in rsp1-1 cells than in Cao, K., Nakajima, R., Meyer, H.H., and Zheng, Y. (2003). Cell
115, 355–367.wild-type, it does not seem to last forever, as persistent
Hagan, I.M. (1998). J. Cell Sci. 111, 1603–1612.eMTOC was not clearly observed in early mitosis. It
might be possible that some other factors are responsi- Hayles, J., and Nurse, P. (2001). Nat. Rev. Mol. Cell Biol. 2, 647–656.
ble for disassembly of eMTOC at mitosis. In Rsp1 over- Heitz, M.J., Petersen, J., Valovin, S., and Hagan, I.M. (2001). J. Cell
Sci. 114, 4521–4532.expression, the formation of eMTOC is inhibited, similar
to some SIN (septation-inducing network; budding yeast Oka, M., Nakai, M., Endo, T., Lim, C.R., Kimata, Y., and Kohno, K.
(1998). J. Biol. Chem. 273, 29727–29737.MEN equivalent) mutants (Heitz et al., 2001; Pardo and
Nurse, 2003). It might be interesting to test the possibility Pardo, M., and Nurse, P. (2003). Science 300, 1569–1574.
that SIN negatively regulates Rsp1 to form eMTOC dur- Sagolla, M.J., Uzawa, S., and Cande, Z. (2003). J. Cell Sci. 116, 4891–
4903.ing anaphase.
Dynamic control of the centrosome is observed in Tran, P.T., Marsh, L., Doye, V., Inoue, S., and Chang, F. (2001). J.
Cell Biol. 153, 397–411.many other organisms, suggesting that this regulation
is of potential importance in the reorganization of micro- Vardy, L., and Toda, T. (2000). EMBO J. 19, 6098–6111.
tubule structure in a broader context, such as develop- Zimmerman, S., Tran, P.T., Daga, R.R., Niwa, O., and Chang, F.
(2004). Dev. Cell 6, this issue, 497–509.mental or differentiation processes. This study using
indicate that ternary complexes of cyclin D-cdk4-p27Stopping and Going with p27kip1
remain catalytically active, so in this “assembly/stabil-
ity” role, p27 would be acting as a positive regulator of
G1 phase progression. Moreover, a current model of G1
Nuclear p27kip1 is an established inhibitor of cyclin- phase cell cycle control argues that sequestration of
dependent kinase-2, and it now appears that cyto- p27 into cyclin D-cdk4 complexes also plays a major
plasmic p27kip1 inhibits the activation of RhoA. In this role in allowing for the activation of cyclin E-cdk2. Yet
dual role, p27kip1 could coordinate cell cycle progres- even with this “new” role, p27 was still regulating G1
sion and cell migration. phase cdk activity.
Some very different ways of thinking about p27 are
beginning to emerge. Several papers link p27 to apopto-p27kip1 (p27) was identified as an inhibitor of cyclin-
sis (Philipp-Staheli et al., 2001), and a growing bodydependent kinase-2 (cdk-2) (Sherr and Roberts, 1999;
of literature is now suggesting that p27 regulates cellPhilipp-Staheli et al., 2001). Downregulation of p27 (of-
motility. Among these studies on cell motility is McAllis-ten through ubiquitin-mediated proteolysis) accompan-
ter et al. (2003), which showed that a cytoplasmic poolies progression through G1 phase and is permissive
of p27 stimulates Rac-dependent migration in HepG2for the periodic activation of cyclin E-cdk2 and cyclin
cells and embryonic fibroblasts; this effect mapped toA-cdk2. The antimitogenic role of p27 was reinforced
a C-terminal domain in p27 and was independent of cdkby the p27-knockout mouse, which is larger than its wild-
inhibitory activity. Cell migration involves the sequentialtype littermate and develops multiorgan hyperplasia as
disassembly and reassembly of focal adhesions, withwell as increased susceptibility to cancer in multiple
focal adhesion turnover at the leading edge allowing fortumor models. A low level of p27 is a marker of poor
cell protrusion. After contraction and translocation of theprognosis in several human adenocarcinomas. All of
cell body, a similar localized turnover of focal adhesionsthese studies fit with the idea that p27 is a straightfor-
allows for retraction of the trailing edge. The Rho familyward inhibitor of G1 phase cell cycle progression, al-
GTPases coordinate these events. Cdc42 stimulatesthough it was somewhat disturbing that p27 levels did
filopodia formation and directed cell movement, Racnot consistently correlate with tumor proliferation.
stimulates lamellipodia formation at the leading edge,A more complex biology for p27 became apparent
and Rho stimulates stress fiber formation and contrac-with the finding that p27 assembles (LaBaer et al., 1997;
tion. The balance between Rac and Rho activities isCheng et al., 1999) or maintains the stability of (Bagui et
al., 2003) cyclin D-cdk4 complexes. Most recent studies thought to play an important role in allowing for cell
